The pressures for land use change have led to an increasing isolation of habitat remnants throughout the world. The goal of this study was to estimate the population size and density of some endemic and threatened species in a nature reserve in the Cerrado biome. One hundred and thirty four point transects were undertaken at the Estação Ecológica de Itirapina (EEI), one of the last natural grassland savannah remnants in São Paulo state, in the south-east of Brazil between September and December 2006 and densities estimated for seven species (four endemic to the Cerrado, one nearendemic and two grassland specialists). Neither species reached the minimum viable population size of 500-5000 individuals. Four species, White-banded Tanager, White-rumped Tanager, Blackthroated Saltator and Sharp-tailed Tyrant have populations ranging from 112 to 248 individuals, while the other species have a low population (, 60 individuals). The mean densities of Sharptailed Tyrant and Cock-tailed Tyrant in the EEI grassland showed similar values to those observed in larger areas of the Cerrado, which may indicate that the EEI grassland area is well conserved. In spite of the restricted size of the EEI, small areas can maintain some endemic and threatened bird populations, thus contributing to local biodiversity and the ecological processes in the region. The capacity of fragments of Cerrado (~2,000 ha) to maintain populations of endemic and threatened bird species is unlikely to be effective in the long term.
Introduction
The Cerrado is a biome rich in bird species, accounting for about 50% of the total number of bird species in Brazil (856 species) (Silva 1995, Silva and Santos 2005) , of which 30 species are endemic (Silva and Bates 2002) and of these, 11.8% are threatened (Marini and Garcia 2005) . The main threat to the biodiversity of the Cerrado is conversion into pastures and other agricultural uses (Klink and Machado 2005, Silva and Santos 2005) . The deforestation rate is higher than Amazonia, 22,000-30,000 km 2 /year (Machado et al. 2004) . In the State of São Paulo, the natural vegetation of the Cerrado originally covered 14% of the state (SEMA 1997) . Currently, it represents only 0.81% and occurs in small isolated fragments surrounded by pastures, monocultures, exotic tree plantations and urban areas (Durigan et al. 2007) .
The Estação Ecológica de Itirapina (EEI) maintains one of the last natural grassland savannah remnants in São Paulo state (Motta-Junior et al. 2008) . It is on the list of priority areas for bird conservation in Brazil (Bencke et al. 2006) due to its species richness and the high risk of extinction of these species. A recent survey carried out in the EEI reported a total of 231 bird species, of which 38 (16.4%) are on the list of threatened species in the State of São Paulo and/or are endemic to the Cerrado (Willis 2004 , Motta-Junior et al. 2008 .
The Cerrado has a complex range of vegetation communities ranging from forests (cerradão) to grasslands (campo sujo and campo limpo) with intermediate communities such as cerrado sensu stricto and parque cerrado. The communities adopted are according to Eiten (1972 Eiten ( , 1993 and Ribeiro and Walter (1998) : cerradão a woodland with heights of 8-15 m, closed scrub and cover of 50-90%; cerrado sensu stricto a woodland with a continuous canopy of 20-70% and heights of 8-15 m; parque cerrado has an intermediate density, tree cover ranges from 5 to 20% and heights of 3-6 m; grassland areas are represented by campo sujo (exclusively shrubby-herbaceous vegetation, with scattered bushes) and campo limpo (dominated by herbaceous vegetation, without woody plants) and wetland is seasonally flooded though during this study it was dry.
The altitude of the study area varied between 705 and 750 m (SEMA 1997). The climate is Cwa, humid subtropical, according to the Köppen (1948) classification. The mean monthly precipitation in 2006 was 109.9 mm. The dry season, between April and September, had a monthly precipitation ranging from 7 to 79 mm, and in the rainy season, between October and March, it was 119-228 mm. Mean monthly temperatures in 2006 ranged between 19.5º and 21.9º C in the dry season and 18.9º-21.7º C in the wet season (DAEE Posto D4-014, Itirapina, SP).
There are many types of land use surrounding the reserve, such as cattle ranching, a condominium, and plantations of Pinus spp. and Eucalyptus spp. Among the main threats to the EEI are the expansion of exotic plants and alien trees. Other disturbance factors are invasion by hunters and non-native animals (Motta-Junior et al. 2008) .
Data collection
Sampling occurred during the bird breeding season in the Cerrado, from September to December 2006, when bird vocalisations are at their most frequent (Piratelli et al. 2000, Marini and Durães 2001) . Point transects, 300 m apart, were systematically arranged in a grid. Because these bird species had been observed in different habitats of the study area (pers. obs.), each habitat was sampled in a random order. However, each habitat was sampled in proportion to its area in the EEI (Table 1) .
From September to December 2006, each point transect was sampled three times, twice in the morning (05h00-09h00) and once in the afternoon (16h00-18h00). First, the route was determined randomly, and the direction to be followed by car. A minimum distance of 600 m between point transects was used to increase data independence.
The types and percentages of each habitat were obtained by analyzing the Normalized Difference Vegetation Index, based on satellite image of CBERS 2 of 17 July 2006, provided by the Instituto de Pesquisas Espaciais (INPE). The spectral signature of each vegetation community followed Mesquita Jr (1998) . The scientific nomenclature follows the proposal by the Brazilian Ornithological Records Committee (CBRO 2009).
Distance sampling
Birds were detected by sound or visually with binoculars (Swift 8 x 42). Bird density and population size were estimated using point transect distance sampling (Buckland et al. 2001 ) and analysed using (Thomas et al. 2005) . The distance between individual birds, or groups of birds, bird and the observer was measured with a range finder (Bushnell Yardage Pro). Distances from the bird to the point ranged from 3 to 389 m ( Table 3) . Data preparation consisted of truncating the outermost 3-10% of the bird observations to minimise sampling bias. For the choice of detection function the following criteria were used: the Akaike Information Criterion (AIC) (Akaike 1973, Burnham and Anderson 2002) , statistical model goodness of fit test (gof), and the shape criterion (Buckland et al. 2001) (Table 3) . After all detection functions were modelled, the function with the lowest AIC value was chosen. A significant goodness of fit statistic was also a useful warning that the model might be poor and the shape criterion indicated if the model of detection function had the expected shape.
Group size
For species that occurred in monospecific and/or heterospecific flocks, such as White-rumped Tanager, Black-throated Saltator, Curl-crested Jay and Cock-tailed Tyrant, we considered a bird group as the sample unit, treated as a cluster. The size of groups that were recorded by sound only was estimated by the mean number of individuals present in all visually detected groups.
Types of habitat
Density was calculated by habitat stratification, or using covariates (Table 3 ) because of differences in vegetation structure among habitats, which can influence the detectability of species (Marques et al. 2007 ). The strata considered were: grassland (campo limpo and campo sujo), parque cerrado, cerradão and wetlands. Species that were detected in more than two vegetation communities were stratified. Grassland areas, campo limpo and campo sujo, were analysed together because they have a similar structure.
Results

Bird density
White-banded Tanager, Sharp-tailed Tyrant, White-rumped Tanager and Black-throated Saltator had the highest mean densities for the whole study area ( Table 2 ). The lowest densities were recorded for Cock-tailed Tyrant, Collared Crescentchest and Curl-crested Jay.
According to the densities when stratified by habitat, Black-throated Saltator was more common in the parque cerrado than in grasslands. White-rumped Tanager and Collared Crescentchest have a similar density in grasslands and parque cerrado. The density of Collared Crescentchest per habitat was low compared to Black-throated Saltator and White-rumped Tanager ( Table 2) .
The coefficient of variation ranged from 14.1% to 36.9% (Table 3) . Cock-tailed Tyrant and Curl-crested Jay had the largest standard errors. The encounter rate (number of animals detected by point sampling) was larger for Collared Crescentchest, Sharp-tailed Tyrant, White-banded Tanager and White-rumped Tanager in parque cerrado (Table 3) . On the other hand, the probability of detection was higher for White-rumped Tanager (parque cerrado), Black-throated Saltator (campo limpo and campo sujo), Cock-tailed Tyrant and White-banded Tanager.
Population size
White-banded Tanager, White-rumped Tanager, Black-throated Saltator and Sharp-tailed Tyrant had the largest mean population sizes ( Table 2) . The values for the other species were less than 100 individuals. Curl-crested Jay, Cock-tailed Tyrant and Collared Crescentchest had the lowest mean population sizes. Cock-tailed Tyrant had the largest coefficient of variation (37.7%), while for the other species it was below 25%.
The lowest population size values were observed for Cock-tailed Tyrant and Curl-crested Jay followed by Collared Crescentchest.
Discussion
Bird density
The classification of the tyrant species as 'Vulnerable' was based on the extensive destruction of grassland areas in Brazil (BirdLife International 2009a,b) . The minimum density of Cock-tailed Tyrant observed was 6.7 individuals km , based on the lowest density among species in the family Tyrannidae.
The mean densities of Sharp-tailed Tyrant and Cock-tailed Tyrant observed in EEI have similar values to the Parque Nacional de Brasília (PNB, 42,389 ha) and Parque Nacional da Chapada dos Veadeiros (PNCV, 65,512 ha) (Braz 2008) . The results indicate that small preserved Cerrado areas may contain similar densities, of threatened species, to large preserved areas.
In general, the density values of the birds studied, ranging from 2.3 to 14.3 individuals km -2
were similar to those observed for other Cerrado birds (Braz 2008) . For Passeriformes, mean densities ranged from 3.1 to 23.2 individuals km -2 in the PNCV and from 3.4 to 14.6 individuals km -2 in the PNB (Braz 2008) . The densities of birds in cerrado sensu stricto in the Chapada do Catuní (CCat, an area of 1,950 ha) ranged from 3.3 to 134.7 individuals km -2 (Silva 2008), with a maximum density greater than the other studies.
Density estimates for the endemic species considering all habitats in the EEI are lower than those obtained by Silva (2008) ), White-rumped Tanager (14.7) and Black-throated Saltator (15.4). The most common endemic species, both in the CCat as in the EEI, was White-banded Tanager. However, this bird had a density about 10 times greater in the CCat (134.7 individuals km -2 ). Many variations in biotic and abiotic factors may affect these differences: environmental conditions and plastic responses to changes, population demographics, species interactions, anthropogenic impacts (Sagarin et al. 2006 ) and habitat heterogeneity (Wiens 1974) . Despite the large distance between the EEI and the CCat (. 700 km), both localities are edge areas of the Cerrado, therefore rejecting the 'abundant-centre hypothesis' (Hengeveld and Haeck 1982) . This hypothesis states that species are most abundant in the centre of their range and decline in abundance toward the range edges. This hypothesis is also not supported when the density of grassland species in the EEI is compared with the reserves located in central Brazil (Braz 2008) .
Population size
The Sharp-tailed Tyrant and Cock-tailed Tyrant both showed small population sizes in the studied area, which is in agreement with their rare occurrence in the south of Brazil (Parker and Willis 1997) , and their declining population in the Itirapina region (Parker et al. 1996; Willis 2004) . These species are threatened by grassland conversion to pasture and monoculture especially sugarcane and exotic trees (Pinus spp. and Eucalyptus spp.) (Willis 2004) . The Sharp-tailed Tyrant is probably confined to the EEI area as it is highly sensitive to the altered areas (Tubelis and Cavalcanti 2000) surrounding the reserve, which are dominated by exotic grasses. Also it has a low capacity for flight (pers. obs.), and only makes short movements in the understorey. The Cock-tailed Tyrant, however, is reported to be able to make extensive movements and is considered to be both nomadic and resident. During the present study, this species was rarely detected in September and December, compared with October and November, indicating an unknown movement outside the reserve during these months.
In larger protected areas of central Brazil (. 40,000 ha) the mean population size estimated by distance sampling can reach between 1,022 and 1,786 individuals km -2 for Sharp-tailed Tyrant, and 1,374 for Cock-tailed Tyrant (Braz 2008) . Since the EEI grassland area is one of the only conserved areas in the region, it is important to develop actions to increase these areas and their habitat quality, in order to allow population growth. The Collared Crescentchest had a small population in the EEI, which according to Willis (2004) seems to be decreasing. In São Paulo state its situation is critical due to habitat destruction. Less than 1% remains as Cerrado and the remaining areas occur in small and isolated fragments (Durigan et al. 2007 ). The species is recorded in only two isolated reserves, the EEI and the Estação Ecológica de Águas de Santa Bárbara (2,712 ha) (São Paulo 2009) which reinforces the conservation importance of these areas.
Although the Chapada do Catuní (CCat) is smaller than the EEI, a larger population of Collared Crescentchest was found. This is probably due to the dominance of cerrado sensu stricto in the CCat. In the EEI this species was found mainly in campo cerrado vegetation, and also sporadically observed in campo sujo (unpubl. data). The campo cerrado vegetation in the EEI (412 ha) has the same structure as cerrado sensu stricto (2,000 ha) in the CCat, but differing in the classification and the subjective evaluation of it (Silva, pers. comm.) . The species probably has a low capacity for movement in open areas such as pastures and plantations due to its preference for understorey vegetation.
White-banded Tanager is considered 'Near Threatened' (IUCN 2009 ) and endangered in the State of São Paulo (São Paulo 2009). Both species have a declining population due to habitat loss and degradation for agricultural development (Willis 1994 , IUCN 2009 ). Although it is considered Near Threatened and reported as scarce within its range (IUCN 2009 ) it was the most common species in both the EEI and the Chapada do Catuní (CCat) (Silva 2008) . In the CCat, the species has a very large population size of 2,627 individuals. Fragments as large as the Estação Ecológica de Águas Emendadas (10,500 ha), in the centre of Brazil also support a large population (3,438 individuals), but this is well below its carrying capacity (Duca et al. 2009 ). Compared with other species studied, White-banded Tanager seems to have larger populations in fragments of Cerrado larger than 2,000 ha.
White-rumped Tanager and Black-throated Saltator are on the list of threatened species in São Paulo State (São Paulo 2009) mainly due to loss and alteration of habitat. In the EEI, these species chose areas of parque cerrado, since the presence of bushes and trees are important for their daily activity (Levy 2009 ). Compared to our results, the species had a very large population size in the CCat, averaging 286 individuals km -2 for White-rumped Tanager and 300 individuals/km 2 for Black-throated Saltator. These data indicate that the population size in the EEI is very low, around 140 individuals km -2 . The Curl-crested Jay is an opportunistic species that is not sensitive to human disturbance and it is expanding its range in south-eastern Brazil (Lopes 2008) . This species is common in agricultural areas and can be found in semi-urban locations of large cities (Vasconcelos and Nemésio 2007) and in Pinus plantations in the EEI. In this study, it had the lowest population size, probably because it has a large home range (172 ha) and can form large groups of 10 individuals (Amaral and Macedo 2003) . In the EEI the observation of pairs (47 records) was common probably because smaller areas do not support larger groups of crows during the reproductive period, which also limits the population size.
Final considerations
The EEI represents one of the last remaining Cerrado bird communities in the State of São Paulo. Despite its restricted size and isolation, the EEI harbours small populations of several endemic and threatened species, thus contributing to local biodiversity and ecological processes in the region. However, the capacity of fragments of Cerrado (c. 2,000 ha) to maintain bird populations in the long term is doubtful. The density of these specialist Cerrado species seems to be low compared with larger areas and indicates the importance of larger areas to maintain these populations. Small populations can persist in the wild for some time, but their ability to adapt to change is compromised and extirpation is likely (Willi et al. 2006 , Spielman et al. 2004 . In the last few decades, the area of Cerrado has been drastically reduced in Brazil and only about 34% of its original area remains (Machado et al. 2004) . The area under conservation is c.33,000 km 2 (Klink and Machado 2005) , representing only about 1.65% of its original extent. In the state of São Paulo most of the remaining Cerrado is in isolated small fragments, , 400 ha (Durigan et al. 2006) . These small areas are ineffective in conserving endemic and threatened birds. Neither species reached the minimum viable population size of 500 -5000 individuals (Franklin and Frankham 1998, Lynch and Lande 1998) . Establishment of future reserves should consider that in view of the low density of some Cerrado birds, areas of at least 30,000 ha are likely to be needed to maintain viable populations of endemic and threatened species. In EEI it is essential to carry out actions to monitor the size of these populations over time and evaluate ways of increasing the quality of the bird habitat; e.g. some ways to improve the microhabitat quality in the EEI are presented by Kanegae (2009) . Furthermore, we suggest a study of the surrounding areas that could be added to the EEI. The maintenance of these areas could increase populations of some species with apparent short movements, such as the Collared Crescentchest and Sharp-tailed Tyrant, which are the most threatened species in the EEI.
